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 Immunoassay has been developed continually following the life science 
progressing. Recently, the Inductively Coupled Plasma Mass Spectrometry has gotten 
recognition because of it’s outstangd advantage,such as,high sensitive、low detection 
limit、multi-component analysis ability and so on, so the immunoassay with high flux 
has a good foreground. In the study,the technique of stable isotope iodine labelling 
protein and ICP-MS linked immunoassay has been established, which was used in the 
dectetion of speciality of protein and bacteria. This dissertation consists of four 
chapters:1. Review; 2. Iodine of stable isotope labelling protein; 3. Non-radioactive 
Iodine-labeled Antibodies-Inductively Coupled Plasma Mass Spectrometry for 
Immunoassay; 4. Vapour generation inductively coupled mass spectrometry in 
determination of iodine 
Chapter one of this thesis was an overview of the development about 
immunoreaction and the field in which it was used;the labelling skills and 
development have been expatiated briefly, in addition,the standardization of labelling- 
Immunoassay and the developmental trend were discussed; especially,poping out the 
method of immunoassay linked with ICP-MS. 
In chapter two,the method about iodine of stable isotope labelling protein was 
established. The methods and the developments of different iodine-labelling ware 
introduced, and compared each other. During this study，the protein was tagged with 
non-radioactive 127I using N-Bromosuccinimide (NBS) to produce the I- 
Compound:NBS is a kind of oxidant which is mild and the reaction happened in 
solution,so the labelling method was a perfect one which was convenient operation、
high labelling tag-yield and the I-Compound being stable. 
In chapter three,the immunoassay about Iodine labelling protein-Inductively 
Coupled Plasma Mass Spectrometry was dissertated. Firstly,the goat anti-Escherichia 
Coli (GAE) and goat anti rabbit (GAR) were selected as the antigen and antibody 
respectively in the establishment of this immunoassay,and the iodine was detection by 
















has been investigated; the method about disposal of sample was established,by which 
not only avoiding the volatilization of iodine and abating the effect of memory by 
ICP-MS. In the chapter,we also did some experiment about the detection of bacteria in 
the method. 
In chapter four, An online vapour generation ICP-MS method for the 
determination of iodine was established. In the study, depending on the deoxidization 
of the I- and the means of oxidization, sensitivity was raised due to improving 
transfers efficiency to ICP-MS by using the technique which the I- was oxidized to I2 
that was volatile before being detected. In addition, the different modality of iodine 
have been detected by the method. 
The main innovation of this thesis is: 
1. The non-radioactive Iodine(127)-labelled protein was established in order to 
combine ICP-MS with immunoassay. In the experiment,we adopted the 
method of NBS to achieve the protein labelling with iodine,the choice of 
stable iodine avoids radioactive iodine-labelling which was difficult for 
experiment because of the radioactivity. 
2. A new immunoassay was established by the 127I labelling protein linked with 
ICP-MS,and the immunoassay was used in the detection of bacteria. 
3. An online vapour generation ICP-MS method for the determination of iodine 
was achieved,which the sensitivity can be raised due to improving transfers 
efficiency to ICP-MS by using Chemical Vapour Generation . 
 
 


















   
 目录    
               
第一章  文献综述 ....................................................................................1 
1 引言 ....................................................................................................................1 
















3 标记化合物物的免疫活性 ..............................................................................12 
3.1免疫活性测定的重要性.........................................................................12 
3.2标记化合物的免疫活性测定方法.........................................................12 
4 影响标记免疫分析的因素 ..............................................................................13 






















7 电感耦合等离子体质谱与免疫分析 ..............................................................18 
8 本工作设想 ......................................................................................................19 
参考文献： ..........................................................................................................20 
第二章 稳定性同位素碘标记蛋白 ........................................................24 
1 引言 ..................................................................................................................24 
2 蛋白质与多肽激素的放射性碘标记方法 ......................................................25 















3 标记反应液中 125I-蛋白与 125I纯化与鉴定 ....................................................31 
4 碘标记蛋白的贮存 ..........................................................................................32 

























5.3.5 反应体积因素: ...........................................................................41 
5.3.6  pH的影响..................................................................................41 
5.3.7 碘标记羊抗兔蛋白稳定性.........................................................42 
6 小节 ..................................................................................................................44 
参考文献 ..............................................................................................................45 
第三章 碘 127 标记-电感耦合等离子体质谱用于免疫分析..............47 
第一节 碘标记-电感耦合等离子体质谱免疫分析法的建立 ...........................48 
1 引言 ............................................................................................................48 









2.4.1.2 紫外灯照射PS板时间影响 ......................................54 



















2.4.4.1  氨水浓度对溶解碘的影响.....................................58 
2.4.4.2 时间对氨水溶解碘的影响.......................................58 
2.4.5  ICP-MS测定碘 ..................................................................59 
第二节 碘标记-电感耦合等离子体质谱法应用于细菌检测 ...........................59 
1 引言 ............................................................................................................59 
2 方法原理 ...................................................................................................60 
2.1  IgG分离提纯方法 ........................................................................61 
2.2  免疫板上细菌抗原的固定...........................................................62 






4 结果与讨论 ...............................................................................................65 
4.1盐析法－蛋白A亲和层析法提纯抗体蛋白...................................65 
4.2 溴代琥珀酰胺法（NBS）标记蛋白及分离.................................66 
4.3  3种致病菌的检测........................................................................67 
4.4 抗体特异性实验.............................................................................68 
参考文献 .......................................................................................................69 
第四章 蒸气发生-电感耦合等离子体质谱法测定碘 ..........................72 
1 引言 ...................................................................................................................72 




























2.6  高价碘检测..........................................................................................78 
2.6.1 碘酸根离子检测.........................................................................78 
2.6.2 抗坏血酸影响.............................................................................79 



























Chapter 1.Overview of current research ................................................1 
1 Introduction........................................................................................................1 
2 Immunoassay......................................................................................................3 
2.1 Radio analysis and non-isotope labelling ..................................................4 
2.1.1Materials of Radio Immunoassay .....................................................4 
2.1.2 Selection of Radio isotope ...............................................................5 
2.1.3 The advantage of Radio Immunoassay ............................................6 
2.1.4 The disadvantage of Radio Immunoassay .......................................6 
2.2 Enzyme Immunoassay ...............................................................................8 
2.2.1 The style of Enzyme Immunoassay .................................................8 
2.2.2 The theory of Enzyme Immunoassay ..............................................8 
2.3 Fluorescence Immunoassay .......................................................................9 
2.3.1 The style of Fluorescence Immunoassay .........................................9 
2.4 Chemiluminescenece Immunoassay ........................................................10 
2.4.1 The style of Chemiluminescenece Immunoassay ..........................10 
2.4.2 The theory of Chemiluminescenece Immunoassay .......................10 
2.4.3 The disadvantage of Chemiluminescenece Immunoassay.............11 
2.5 Metalluimmunoassay ...............................................................................11 
3 The immunocompetence of labelling compound...........................................12 
3.1 Essentiality of immunocompetenc’s measure..........................................12 
3.2 The method of immunocompetenc’s measure .........................................12 
4 The influencing factors of Immunoassay.......................................................13 
5 The standardization of Labelling-Immunoassay ..........................................13 
5.1 Evolvement of standardization ................................................................13 
5.2 Method of standardization and localization.............................................15 
6 The developing trend of Labelling-Immunoassay.........................................16 
6.1 The antibody ............................................................................................17 















6.3 Multilabelling Immunoassay ...................................................................17 
6.4 Mutomatization of Labelling-Immunoassay............................................18 
7 The ICP-MS and Immunoassay .....................................................................18 
8 Objectives of this research ..............................................................................19 
References............................................................................................................20 
Chapter 2 The stable isotope iodine labelling protein .........................24 
1 Introduction......................................................................................................24 
2 Protein and Peptide’s labelling with radio iodine .........................................25 
2.1 The Chloramine-T....................................................................................26 
2.1.1 Theory ............................................................................................26 
2.1.2 Labelling steps ...............................................................................27 
2.1.3 The adverting items........................................................................27 
2.2 The Lactoperoxidase（LPO） ................................................................28 
2.2.1 Theory ............................................................................................28 
2.2.2 Labelling steps ...............................................................................28 
2.2.3 The adverting items........................................................................29 
2.3 The Bolton and Hunter’s reagent .............................................................29 
2.3.1 Theory ............................................................................................29 
2.3.2 Labelling steps ...............................................................................30 
2.4  The Iodogen’s method...........................................................................30 
2.4.1 Theory ............................................................................................31 
2.4.2 Methods .........................................................................................31 
2.4.3 Labelling steps ...............................................................................31 
3 The purification and identifing of 125I-antibody and 125I .............................31 
4 The deposit of 125I-antibody ............................................................................32 
5 The stable iodine labeling................................................................................33 
5.1Methods and Theory .................................................................................33 
5.2 Experimental section................................................................................34 















5.2.2 Non-Radio iodine(127I) labelling protein .......................................34 
5.2.3 Detect the concentration of labelling protein and labelling yield 
using UV-VIS spectrometry....................................................................35 
5.3 Results and Discussion ............................................................................35 
5.3.1 The separation of labelling protein ................................................35 
5.3.2 Oxidant’s effection on labelling.....................................................38 
5.3.3 Time’s effection on labelling .........................................................40 
5.3.4 Temperature ...................................................................................41 
5.3.5 Reaction volume ............................................................................41 
5.3.6 pH’s effection.................................................................................41 
5.3.7 The stability of I-Protein................................................................42 
6 Summary...........................................................................................................44 
References............................................................................................................45 
Chapter 3 Stable 127I-Labelling antibody linked ICP-MS for 
Immunoassay.........................................................................................47 
Section one The establishment of I labelling-ICP-MS for Immunoassay ......48 
1 Introduction...............................................................................................48 
2 Experimental section ................................................................................50 
2.1 Instruments and Reagents .................................................................50 
2.2 ICP-MS conditions............................................................................50 
2.3 Experimental method........................................................................50 
2.3.1 The ornament’s method of PS.................................................51 
2.3.2 Immuobilization of antigen on the PS ....................................53 
2.4 Results and Discussion .....................................................................53 
2.4.1 The ornament of PS ................................................................53 
2.4.1.1 Absorption of protein on different PS...........................53 
2.4.1.2 The effect of UV-VIS....................................................54 
2.4.2 The obturation of PS ...............................................................55 















2.4.3.1 Method ..........................................................................56 
2.4.3.2 Detect limit and Repeat.................................................57 
2.4.4 Disentanglement of I...............................................................57 
2.4.4.1 Effect on I of NH3·H2O’s concentration .......................58 
2.4.4.2 Effect on I of reaction time ...........................................58 
2.4.5 The detect of I by ICP-MS......................................................59 
Section two The detection of bacteria by I Labelling-ICP-MS.......................59 
1 Introducton ................................................................................................59 
2 Method and Theory ..................................................................................60 
2.1 The purification of IgG .....................................................................61 
2.2 Immobilization of bacteria................................................................62 
3 Experimental section ................................................................................63 
3.1 Instruments and Reagents .................................................................63 
3.2 Experimental method........................................................................63 
3.2.1 Purification of antibody ..........................................................63 
3.2.2 The Purification of I-Compound.............................................65 
3.2.3 The bacteria reacte with I-Compound.....................................65 
4 Results and Discussion..............................................................................65 
4.1 Purification of IgG using salt out-protein A affinity column............65 
4.2 Purification of I-IgG using Sephadex G50 .......................................66 
4.3 The detect of three bacteria...............................................................67 
4.4 Detection of the speciality of bacteria ..............................................68 
References .....................................................................................................69 
Chapter 4 Vapour generation linked ICP-MS in determination of 
iodine ......................................................................................................72 
1 Introduction......................................................................................................72 
2 Experimental section .......................................................................................73 
1.1 Instruments and Reagents ........................................................................73 














Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
